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^ (54) Title: SYNTHESIS OF RESVERATROL 
1^ 

(57) Abstract: The invention relates to novel methods of producing resveratrol. Resorcylic acid is reacted with benzyl bromide in 
acetone under basic conditions to give a protected benzyl ester. Treatment with KOH allows for removal of the potassium benzoate 
from the benzyl alcohol by-product. Acidification followed by LAH reduction gives a benzyl alcohol in high overall yield. The 
benzyl alcohol is converted to a bromide using phosphorus tribromide. An Arbuzov reaction is then conducted using isopropyl 
phosphite to give the corresponding phosphonaie in high yield. Coupling with 4-benzyloxybenzaldehyde at 1:1 stoichiomeiry with 
sodium methoxide gave the E-stilbene as a single isomer in good yield. An alternative method involves a palladium catalysis. 3,5- 
substimted benzoic acid chlorides react with acetoxy styrene using catalytic amounts of palladium acetate and irialkylamine to give 
stilbene products. 



AVAILABLE COPY 



wo 01/60774 



PCTAJSO 1/05167 



# 



SYNTHESIS OFRESVERATROL 



10 



15 



20 



25 



1. RELATED APPLICATIONS 

This application is related to and claims the benefit of United States Provisional 
Application Smal No. 60/182,913 of Meiritt B. Andrus, ffled Fd)ruaxy 16, 2000 and 
entitled "Synthesis of Resverateol, a Potent New Disease Preventative Agent" which is 
incorporated herein by Uns reference. 

2. FIELD OF Xme INVRNTTQN 

The preset invention relates to methods of chemical synthesis of naturally 
occmring organic conq>ounds. More specifically, the invention relates to the chemical 
synthesis of (E)-3,5,4 -trihydroxystilbene, hereinafter resv^troL 

3. TECHNICAL BACKGROUND 

Plants have been a source for many of the dmgs and other chemicals &at humans 
use to fight disease and alleviate the symptoms of disease. Some plants such as herbs 
have been shown to contain compounds that relieve pain. Oflier plants have been shown 
to contain compounds that might be used to treat mental illness. Yet other plants contain 
compounds that treat are useful in treating high blood pressure. For example, 
epicatechins, found in green tea, have been shown to prevent certain types of cancer, 
lower blood pressure, and reduce inflamation. Genistein, from spy beans has also been 
shown to prevent cancer, lower blood pressure, and reduce osteoporosis. Gordon, M. H., 
Nat Prod. Reports, 1996, 265-287. 

Recently, investigators have been looking for plants that contain compounds that 
can be used to treat cancer. For example, researchers have been looking for natural 
compounds that can prevent the formation and promotion of tumors. Of particular 
interest are agents that show the ability to fight cancer without the side effects of the 
currently available cytotoxic agents. One compound that shows potential to treat cancer 
without tiie harsh side effects is the simple trihdroxystilbene, resveratrol. Cai, L. et al.. 
Set 1997,275:218-221. 

Resveratrol has been noted for its disease preventative quaUties in humans and has 
been attributed as the reason for the so-called "French Paradox." The French Paradox is 
that although the Mediterranean diet containing high levels of fat and alcohol, the 
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DeLorgeril, M., Lancer[992, 339:1523. 

Resveratrol is a small organic molecule naturally occurring in grape skins, 
mulberries, peanuts, and other plants. Resveratrol inhibits the initiation, promotion, and 
die progression of cancer. One groi;^ of researchers demonstrated die potent effects of 
resveratrol in various cellular and animal assays. SeeCdi^siqjra, For example, 
resveratrol was shown to inhibit preneoplastic lesions in moiise mammary glands 
induced with 7,12-dimethlbenzo(a)anthracene. Other tumor models were also used, 
including skin tumors and leukemia, with resveratrol showing strong inhibitory effects, 

Resveratrol has been shown to have potential as a therapeutic for a range of 
diseases. For example, resveratrol has been shown to be a vasorelaxant, inhibiting the 
contractile response of the aorta to noradrenaline. Chen, C.K. & Pace-Asciak, C.R. Gen. 
Pharac. 1996, 27: 363-366. Others have shown tiiat resveratrol inhibits platelet 
aggregation and coagulation. Goldberg, et al., Clin. Chim. Acta 1995, 237: 155; Pace- 
Asciak, C.R. Clin Chim Acta 1995, 235: 207; Anichi H., Chem. Pharm. Bull. 1982, 30: 
1766. 

Furthermore, inany commercial used have been conceived and patented. For 
example one patent was issued for use of resveratrol as an antimicrobial and fungicidal 
agent. Otiier patents have issued for using resveratrol to treat stenosis or artery stricture 
after surgery. Yet others have patented the use of resveratrol in cosmetics and cleansers. 

Despite the wide variety of uses for resveratrol, there is not a inexpensive source 
for it. Because resveratrol is present in grapes and other naturally occvuring sources only 
in trace amounts, a large amount of grapes or other plant product must be used to isolate 
and pmify even a limited quantity of resveratrol. A few methods of chemically 
synthesizing resveratrol have been introduced, although these methods require expensive 
starting materials which also raise the cost of producing resveratrol. The metitods of 
synthesizing resveratrol also produce large amounts of by-products. These by-products 
must be removed between the various steps of the synthesis to prevent interference and 
contanaination of the end-product. Generally, the purification of the reaction products is 
done by siUca gel chromatography. However, such chromatography increases the overall 
time required for synthesis and can significantiy add to the cost. Because of the product 
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lost during the ^uri^^jpn and to tfie by-products, the overall yj^^f resveratrol is 
reduced 

la light of the foregoing, it would be an advancement in the art to provide a 
method of synthesizing resvendiol. It would be a further advancement if the method used 
ine3cpensive starting materials. It would be a further advancement if the method produced 
a high level of the desired product with limited by-products. It would be an additional 
advancement if the method did not require silica gel chromatogr^hy to purify the 
ration products. It would be a ftirther advancement if the method were readily scalable 
to mass production of resveratrol Such methods are described and claimed herein. 
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4. BRIEF SUMMARY OF THE INVENTION 

The present invention relates to a method of synthesizing (E)-3,5,4 - 
trihydroxystilbene, resveratrol. In one embodiment a reliable Homer-Emmons coupling 
reaction is used to covq)le a benzylic phosphonate to a protected aldehyde. This route of 
15 synthesizing resveratrol is relatively inexpensive and uses readily available starting 
materials and reagents. The coupling step is illustrated by the following diagram: 





NaOMe 

wherdn R^ and R"* are protecting groups such as methyl, benzyl, alkyl, silyl, and the 
like. K\ R^ and R^ can be flie same protecting group or may be difforent protecting 
groups. R^ is an alkyl group such as isopropyl, methyl, ethyl, butyl, and the like. After 

20 the coupling step the protecting groups are removed to form resveratrol. 

The method of synthesizing resveratrol can begin with a starting material such as 
resorcylic acid. In a first step, protectrag groups are added to the 3 and 5 hydroxy groups 
of the resorcylic acid. The 3 and 5 protecting groups can be methyl, benzyl, alkyl, and the 
like. Both of the protecting groins can be identical, or each protecting group can be 

25 different. Next, the carboxylic group is reduced. The reduced carboxylic group is 
halogenated with, for example, bromine to form a compound of the formula: 
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5 

wherein and are protecting groups and R^ is a halogen. This compound is reacted 
with R^ an alkyl phosphite according to the following formula: 



10 




R^ may be an alkyl group such as isopropyl, methyl, ethyl, butyl and the like. The 
phosphonate of this reaction can be coupled to the substituted beozaldehyde as discussed 
15 above. 

According to one presently preferred method of synthesizing resveratrol, 3,5- 
dihydroxybenzoic acid is obtained as a starting material. The 3 and 5 hydroxy groups are 
benzylated to form 3,5-dibenzyoxybenzoic acid Next, the carboxyUc group of the 3,5- 
dibenzyoxybenzoic acid is reduced to fotm 3,5-dibenzyloxybenzyl alcohol. The hydroxy 

20 group of the reduced carboxyUc acid is brominated to produce 3,5-dibenzyloxyben2yl 
bromide. Isopropyl 3,5-dibenzyloxybenzyl phosphonate is created by reacting the 3,5- 
dibenzyloxybenzyl bromide with triisopropyl phosphite. The phosphonate is coupled 
with 4-benzyloxybenzaldehyde to form (E)-3,5,4'-tribenzyloxystilbene via a Homer- 
Emmons coupling reaction. Finally, the 3, 4', and 5 benzyl groups are removed to fomi 

25 resveratroL 

The present invention also relates to another method of synthesizing resveratrol 
involving a palladium catalyst. Generally, the method involves obtaining a compound of 
the following formula: 



O 



30 
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wherein R' andR^ ai^ktectmg groups such as mettiyl, alkyl, ajApnzyl. The 

compound is coi^jled with a protected 4-hydroxystyrene via a H^KcoupUng as follows: 




to yield a protected 3,5,4'-trihydroxystilbene. can be a protecting groiq) such as 
methyl, alkyl, and benzyl as well as an aceto groiq). When is an aceto groiq), the 

5 protected 4-acetoxy-3',5'-hydroxystilbene can be converted to a protected (E)-3,5- 

dihydroxy-4'-hydroxystilbette by ranoving the aceto gmup under basic conditions. Nejct, 
the 3 and 5 protecting groups are removed to yield resveratrol. In other embodiments 
where R^ is a protecting ffoxxp such as methyl, alkyl, or benzyl, all three protecting groups 
may be removed in the same stq). 

10 In a presently preferred embodiment of the invention, resveratrol is made 

according to the following method. A quantity of3,5-dimethoxybenzoyl chloride is 
coupled with 4-acetoxystyrene to form (E)-4-acetoxy-3',5'-dimethoxystilbene. A Heck 
reaction using a palladium catalyst is used for the coupling step. A base is added to the 
(E)-4-acetoxy-3',5'-dimethoxystilbene to remove the 4-aceto group and form (E)-3,5- 

15 dimethyoxy-4'-hydroxystilbene. The metiiyl groiq)s.can be removed by the addition of 
BBrj to yield resveratrol. 

These and other advantages of the present invention will become parent upon 
reading tiie following detailed description and q)pended claims. 

20 5. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to direct, efi&cient methods of synthesizing 
resveratrol from readily available ine:q)ensive starting mataials. In one presentiy 
preferred embodiment, resveratrol is synthesized with a key Homer-Emmons coi^ling 
step. A phosphonate is coupled to a protected para-hydroxybenzaldehyde in the presence 

25 according to the following reaction: 
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R^O 



NaOMe 




wherein R*, R^, and R^ are protecting groups, and R5 is an alkyl group such as methyl, 
ehtyl, isopropyl, butyl, and the like. The protecting groups can be benzyl groups, methyl 
groins, alkyl groups, or the like. The yield of this reaction step is in the range of about 
72%. 

5 The protecting groups may be the same for R\ R^ and R^. For example, in one 

embodiment, each of the protecting groups is a benzyl group. Thus, 3,5- 
dibenzyloxybenzylphosphoiiate is coupled to 4-benzyloxy^ (E)-3,5,4'- 
tribenzyloxystilbene is formed from the coupling step in about an yield After the 
coupling stepv the protecting groups are removed, resulting in resveratrol with about 80% 
10 efficiency. 

There are many potential routes for producing the protected benzyl phosphonate 
of the above reaction. In one such reaction, 3,5-dihdroxybenzoic acid is the starting 
material. A protecting group is added to each of the 3 and 5 hydroxy groiq)S. For 
example, benzyl bromide can be reacted with the 3,5-dihydroxybenzoic acid to give 3,5- 

15 dibenzyloxybenzoic acid. Next, the caiboxylic group of the benzoic acid is reduced to 
produce the corresponding alcohol. For example, LAH is reacted with the 3,5- 
dibenzyloxybenzoic acid to give 3,5-dibenzyloxybenzyl alcohol. The overall yield of 3,5- 
dibenzyloxybenzyl alcohol from 3,5-dihdroxybenzoic acid is about 89%. 

Next the hydroxy group of the alcohol is halogenated to yield a protected benzyl 

20 halide. For example, 3,5-dibenzyloxybenzyl alcohol is halogenated to give 3,5- 
dibenzyloxybenzyl halide. In one embodiment of the method, 3,5-dibenzyloxybenzyl 
alcohol is reacted with PBr3 to give 3,5-dibenzyloxybenzyl bromide. The bromination 
step is about 90% efQcient 

The protected benzyl halide is then phonsphonated to give the produce the 

25 protected benzyl phosphonate described above. In one embodiment, 3,5- 
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dibenzyloxybenzyl b^B|^e is reacted witii triisopropyl phosphi^^^roduce isopropyl 
3,5-dibenzyloxybeQzyrpliosphonate in about a 94% yield. 

Anotiier method of synthesizing resveratrol uses a new, non-classical route 
involving palladium catalysis. The coi^Iing step of this reaction is illustrated by die 
following formula: 



OAc ^ - OAc 




OR^ 

wherein and R^ are protecting groups such as methyl, alkyl, and benzyl. The starting 
material is coupled with a protected 4-hydroxystyrene via a Heck to produce a protected 
(E)-4-acetoxy stilbene. The aceto groiq) is then removed under basic conditions to 
produce a protected 4 -hydroxystilbene. Nejct, the 3 and 5 protecting groups are removed 

10 to yield resveratroL 

In a presently preferred embodimCTt of the invention, a 3,S-substituted benzoic 
acid chloride was reacted witti acetoxy styrene using catalytic amounts of palladium 
acetate and trialkylamine to give stilbene products. According to one presently preferred 
embodiment of this method, a quantity of 3,5-dimthoxybenzoyl chloride is obtained and 

15 coupled with 4-acetoxystyrene to form (E)-4-acetoxy-3',5'-dimethoxystilbene. A Heck 
reaction using a palladium catalyst is used for the coupling step. A base is added to the 
(E)-4-acetoxy-3*,5'-dimethoxystilbene to remove the 4-aceto group and form (E)-3,5- 
dimethyoxy-4'-hydroxystiIbene. The mefliyl groups can be removed by the addition of 
BBrj to yield resveratroL 

20 All patents, publications, and commercial materials cited herein are hereby 

incorporated by reference. 

6. EXAMPLES 

The following examples are given to illustrate various embodiments which have 
25 been made with the present invention. It is to be understood that the following examples 
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axe not compre&eosiv^^pxhaustive of the many types of emboi^^^ts which can be 
prepared in accordance with the preset invention. 



Example 1 - Resveratrol Synthesis Via the Phosphonate Route 

5 Resoicylic acid was reacted with benzyl bromide in acetone mider basic 

conditions to give a protected benzyl ester. Treatmrat with KOH allowed for removal of 
the potassimn benzoate from the benzyl alcohol by-product. The reaction mixture was 
acidified followed by LAH reduction to give benzyl alcohol in high overall yield. This 
procedure eliminates the need to chromatogrq>hically separate the brazyl alcohol. All 

10 intermediates in the sequence were isolated by recrystallization. Conversion to the 
bromide was achieved using phosphorus tribromide. The Aibuzov reaction was then 
conducted using isopropyl phosphite to give the corresponding phosphonate in high yield 
Coupling with 4-benzyloxybenzaldehyde at 1:1 stoichiometry with sodium methoxide 
gave the £-stilbene as a single isomer in good yield. The larger isopropyl phosphonate 

1 5 ensured complete trans alkene formation. All steps again to this point did not require 
used of silica gel chromatography. Removal of the three benzyl ethers was performed by 
treatment with boron tribromide. Resveratrol was obtained identical in all respects to the 
naturally occurring material. The method of producing resveratrol is summarized in the 
followmg reaction. 



20 
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This method^^poducing resveratrol can be readily sca]^K) for production of 
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large amounts of resveratrol. Resorcylic acid, the starting material, is readily available 
and inexpensive. Moreover, the ovefall yield of the method from resorcylic acid to 
resveratrol is about 50%. Tlie hi^ yield and low cost of flie ruction makes it ideal for 
large scale production. 



A 500 mL round bottom flask was charged with 3,5-dihydroxybenzoic acid 
(7.03g, 45.4 mmol), 250 mL of acetone, potassium carbonate (12.6g, 90.8 mmol), benzyl 
bromide (16.2 mL, 136.0 mmpl) and 18-crown-6 (0.490g, 1.36 mmol). The mixture was 
then heated to reflux for 48 h under a nitrogen atmosph^e. The solution was then 
allowed to cool to ambirat temperature where it was filtered and then concentrated in 
vacuo. The crude residue was then dissolved in 300 mL of EtOAc and the organic layer 
was subsequently washed with 250 mL of 1 M HCl and then 250 mL of brine. The 
organic phase was then dried over anhydrous MgS04, filtered and concentrated. The 
residue was then taken up in 100 mL of 95% EtOH, 30 mL of HjO and 20g of NaOH was 
added. The mixture was heated at reflux for 24 h and then cooled to ambient temperature 
and concentrated to dryness in vacuo. The cmde material was then dissolved in H2O and 
washed several times with EtjO. The remaining aqueous layer was then acidified by the 
addition of HCl, at which point precipitation commenced. The resulting white crystals 
were then filtered and allowed to air dry to afford 3,5-dibenzyloxybenzoic acid in 70-80% 



yeild. NMR (300 MHz, CDCI3) d 7.46-7.34 (m's, 12 H), 6.86 (t, J = 2.40 Hz, IH), 
5.10 (s, 4H); JR (cm^) 3371, 2916, 1695, 1597, 1423, 1379, 1347, 1303; HRMS calc'd 
(EI+) for C2,Hi804 334.1205, found 334.1212. 



A one-neck 1 00 mL round bottom flask equipped ^vith a dropping fimnel and 
reflux condenser under a nitrogen atmosphere was charged with LiAlH4 (0.1 96g, 5.18 
mmol), 5 mL of anhydrous EtjO and cooled to 0 ®C. The dropping fiumel was charged 
with 3,5-Dibenzyloxybenzoic acid (l,73g, 5.18 mmol) and 60 mL of anhydrous EtjO. 
The slurry of 3,5-Diben2yIoxyben2oic acid and EtjO was allowed to drip into the stirring 
LAH solution over 2 h. Since the acid is not completely soluble in the Btfi the flask was 



Example 2 - 3^Dibenzyloxybenzoic Acid 



Example 3 - 3,5-Dibenzyloxybenzyl Alcohol 
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allowed to wann to ^^ent temperature and then the mixture ^^^eated at reflux for 7 h 
with continuous extraction of the remaining acii After 7 h all the acid had been pulled 
into the flask and the solution was maintained at reflux for an additional 5 h. The solution 
was again cooled to 0 and then 10 mL of 4:1 E^O/MeOH solution was added dropwise 
S to quench the excess LAH. The solution was warmed to ambient tenq)erature and then 
diluted with 5 mL of HjO. The solution was then washed with 50 mL of 1 M HCl. 
Separation of the layers was then followed by further extraction of the aqueous layer with 
EtjO (4 X 50 mL). The combined organic layers were then dried over anhydrous MgS04, 
filt^ed and then concentrated to afford 3,5-dibenzyloxybenzyl alcohol, L36g (82%) as a 
10 white solid *H NMR (300 MHz, CDCI3) d 7.45-7.33 (m*s, lOH), 6.64 (d, J = 2.10 Hz, 
2H), 6.56 (t, /= 2.10 Hz, IH), 5.05 (s, 4H), 4.74 (s, 2H); "C NMR (75 MHz, CDCI3) d 
160,4, 143.6, 137.1, 128.8, 128.2, 127.8, 106.0, 101.6, 70.3, 65.6; IR (cm"^) 3319, 3032- 
2870, 1600, 1452, 1371, 1353, 1286; HRMS (EI+) calcM for (M+) QiH^oOj 320.1412, 
found 320.1425. 

15 

Example 4 - 3^Dibenzyloxybeiizyl Bromide 
To a stirred solution of 3y5-Dibenzyloxybenzyl alcohol (1 . 1 8g, 3 .69 mmol) in 20 
mL of anhydrous E^O at ambient temperature under an atmosphere of nitrogen was 
added pyridine (0.009 mL, 0.1 12 mmol) and then PBr3 (0.21 mL, 2.25 nunol) dropwise. 

20 The mixture was then warmed to reflux and maintained at that temperature for 3 h. The 
solution was then cooled to ambient temperature and poured over 25g of ice. After the 
ice had melted the layers w^ mixed and then separated. The aqueous layer was 
extracted fiuiher wifli BtjO (3 x 25 mL). Then combined organic layers were then dried 
over anhydrous MgS04 , filtered and concentrated to afford 3,5-dibenzyloxybenzyl 

25 bromide, 1.30g (92%), as a white soUd. ^H NMR (300 MHz, CDCI3) d 7.45-7.34 (m's, 
lOH), 6.66 (d, J= 2 AO Hz, 2H), 6.57 (t, 7= 2.40 Hz, IH), 5.04 (s, 4H), 4.43 (s, 2H); "C 
NMR (75 MHz, CDCI3) d 160,3, 136.8, 128.9, 128.3, 127,8, 108.4, 102.4, 100.2, 70.4, 
33.8; HRMS (EI+) calc'd for (M+) C^iHijBrOz 382.0568, found 382.0562. 

30 Example 5 - Isopropyl 3,5-dibenzyloxybenzyI Phosphonate 

A 10 mL round bottom flask equipped with a distillation head was charged with 3,5- 
dibenzyloxybenzyl bromide (4.00g, 12.2 mmol) and 5 mL of triisopropyl phosphite. The 
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mixture was hdated "C under nitrogen for 6 h. Durir^^|s time, tiie evolved 

2-bromopropane was collected. The solution was then cooled to ambient temperature and 
the excess triisopropyl phosphite was removed via vacuum distillation to aSbrd isopropyl 
3,S-dibeDzyloxybenzyl phosphonate, 926g (94%), as a colorless oiL 'H NMR (300 MHz, 
CDQa) d 7:46-7.34 (m's, lOH), 6.63 (bs, 23), 6.55 (bs, IH), 5.06 (s, 4H), 4.70-3.94 (m, 
2H). 3.09 (d, /= 21 .9 Hz, 2H), 1.32 (d, /= 6.30 Hz, 6H), 1 .21 (d, J= 6.00 Hz, 6H); "C 
NMR (75 MHz, CDCI3) d 160.1, 160.0, 137.2, 134.2, 134.1, 128.8, 128.2, 127.8, 109.4, 
109.3, 101.2, 101.1, 70.9, 70.8, 70.2, 36.3, 34.4, 24.4, 24.3, 24.2, 24.1; HRMS (EI+) 
calc'd for (M+) C27H33O5P 468.2066, found 468.2074. 



Example 6 - (E>-3^'-Tribeiizyloxystilbeiie 

A 100 mL round bottom flask was charged witii NaOMe (l.OOg, 1 8.5 mmol), 20 
mL of dry DMF and isopropyl 3,5-dibenzyloxybenzyl phosphonate (7.50g, 16.0 mmol). 
The mixture was then cooled to 0 "C under a nitrogen atmosphere and 4- 

15 benzyioxybenzaldehyde (4.00g, 18.8 mmol). The mixture was then allowed warm to 

ambient tenq)erature and stand for 1 h. The mixture was then heated to 100 °C for 1 h and 
ttien allowed to stand at ambient tempoatuie for 12 h. A water/ methanol (2:1, 30 mL) 
solution was then added and the precipitate was filtered, washed with hexanes and then 
reciystaUized fi-om MeOH to afford (E)-3,5,4'-tribenzyloxystilbene, 6.39g (80%) as a 

20 white soUd. 'H NMR (300 MHz, CDCI3) d 7.49-7.34 (m's, 1 7H), 7.06 (d, J = 1 6.4 Hz, 
IH), 7.00 (d, J= 8.79 Hz, 2H), 6.92 (d, 16.1 Hz, IH), 6.79 (d, J= 2.19 Hz, 2H), 6.57 
(t, J= 2.19 Hz, IH), 5.12 (s, 2H), 5.10 (s, 4H); "C NMR (75 MHz, CDCI3) d 160.4, 
158.9, 140.0, 137.2, 130.4, 129.1, 128.9, 128.3, 128.1, 127.8, 127.8,126.8, 115.3, 105.8, 
101.4, 70.4, 70.3; HRMS (EI+) calc'd for (M+) C35H30O3 498.2195, found 498.2204. 

25 • 

Example 7 - (E)-3,5,4'-Trihydroxystabene, Resveratrol 

A 50 mL round bottom flask was charged with 3,5,4'-tribenzyloxystilbene (1.50g, 
3.06 mmol) and 10 mL of anhydrous CHjCl,. The resulting solution was then cooled to 
-60 "C under a nitrogen atmosphere. To die cooled solution was added BBr3 (0.90 mL, 
30 9.12 mmol) dropwise. The mixture was then allowed to warm gradually to ambient 
temperature and then allowed to stand at that temperature for 2 h. Then 10 mL of 
saturated NaHC03 solution was added to quoach the reaction along with 15 mL of water. 
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10 



The solution was thq^^ted with 20 mL of EtOAc and tiie lay^^fsre subsequently 
mixed and separated. The aqueous layer was furthor extracted with EtOAc (3 x 20 mL). 
The combined organic layers were tiien dried with anhydrous MgS04, filtered and then 
concentrated. Reciysta]lization followed by filtration afforded (E)-3»5,4'- 
Trihydroxystilbene, (70-80%), as a tan soUd. *H NMR (300 MHz, d« DMSO) d 9.56 (bs, 
IH), 9,21 (bs, 2H), 7.40 (d, J= 8.70 Hz, 2H), 6.94 (d, J= 16.5 Hz, IH), 6.82 (d, J= 16.5 
Hz, IH), 6.76 (d, 8.40 Hz, 2H), 6.40 (d, J = 2.10 Hz, 2H), 6.13 (t, /= 2.10 Hz, IH); 
"C NMR (75 MHz, d<i DMSO) d 158.5, 157.2, 139.3, 128.1, 127.9, 125.7, 115.5, 104.3, 
101.8, 99.6. 



Example 8 - Reveratrol Synthesis Via the Decarbonylative Palladium Route 

An alternative method of producing resveratrol uses a newer, non-classical route 
involving palladium catalysis. 3,5-substituted benzoic acid chlorides were reacted with 
acetoxy styraae using catalytic amounts of palladium acetate and trialkylamine to give 
1 5 stilbene products. These conditions for the decarbonylative aromatic-olefin coiq>ling 
reaction, a variation of the aryl halide-olefin Heck reaction with loss of carbon monoxide 
(CO), worked very well with unsubstituted acid chlorides giving yields of 80%. This 
method of producing resveratrol is summarized in the following reaction: 

0^ - OAc 

DNaOMe 





OMe OMe 



Example 9 - (E)-4-Acetoxy-3',5'-dimethoxystilbene 

20 A flame dried 5 mL round bottom flask under a nitrogen atmosphere was charged with 
3,5-dimethoxybenzoyl chloride (0.1 OOg, 0.498 mmol), palladium (II) acetate (0.006g, 
0.025 mmol) and 1.0 mL of dry p-xylene. The mixture was then stirred while 4- 
acetoxystyrene (0.095 mL, 0.622 mmol) was added via syringe. The mixture was then 
wanned to 120-130 **C and allowed to stir for 18 h. The daric mixture was then cooled to 

25 ambient temperature and filtered over a silica gel plug eluting with 50% EtOAc/hexanes. 
The solution was then concentrated and the CTude residue was purified via radial 
chromatography using 10% EtOAc/hexanes to afford (E)-4-acetoxy-3',5'- 
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dimethoxystilb'ene, Ij^g (75%), as white solid. 'HNMR (SO^^iLz, CDCI3) d 7.52 (d, 
/= 8.70 Hz, 2H), 7.10 (d, J= 8.70 Hz, 2H), 7.08 (d, J= 15.9 Hz, IH), 6.99 (d, J= 16.2 
Hz, IH). 6.68 (d, 7= 2.40 Hz, 2H), 6.42 (t, J = 2.40 Hz, IH), 3.84 (s, 6H), 2.32 (s, 3H); 
'^CNMR.(75 MHz, CDCI3) d 169.6, 161.2, 150.3, 139.3, 135.1, 129.1, 128.3, 127.7, 
5 122.0, 104.4, 100.2, 55.5, 21.3. 

Example 10 - (E)-3^Dime<]ioay-4'-hydroxystilbene 

To a stirred solution of 4-Acetoxy-3',5'-dimethoxystilbene (0.380g, 128 mmol) in 
5 mL THF, 2 mL HjO, and 5 mL MeOH was added K2CO3 (0.530g, 3.82 mmol). The 

10 resulting yellow solution was allowed to stir at ambient temperature for 3 h. The solution 
was carefully diluted with 20 mL 1 MHCl and 20 mL of EtOAc. The aqueous 
phase was extracted fiirtiier with EtOAc (3 x 20 mL). The combined organic layens were 
then dried over anhydrous MgS04 concentrated to a£ford (E)-3,5-dimethoxy-4- 
hydroxystilbene, 0.303g (93%), as a white soUd. 'H NMR (300 MHz, CDCI3) d 7.35 (d, J 

15 = 9.0 Hz, 2H), 7.00 (d, J= 16.2 Hz, IH), 6.85 (d, J= 15.9 Hz, IH), 6.82 (d, 7= 8.70 Hz, 
IH), 6.64 (d, /= 2.10 Hz, 2H), 6.37 (t, 7= 2.10 Hz, IH), 3.78 (s, 6H); NMR (75 
MHz, 0003) d 160.9, 155.9, 139.9, 129.7, 128.9, 128.1, 126.3, 115.8, 104.5, 99.7, 55.4. 

Example 11 - (E)-3^,4'-Trihydroxystilbene, Resveratrol 

20 To a stirred solution of 3,5-Dimetiioxy-4'-hydroxystilbene (0.41 5g, 1 .62 mmol) in 

40 mL of dry CH2CI2 at -78 °C under a nitrogen atmosphere was added BBrj (0.74 mL, 
7.82 mmol) dropwise. The solution was allowed to stir for 5 h while gradually wanning 
to anbient temperature at which time the brown solution was quenched with a 10% KOH 
solution and allowed to stir for 0.5 h. The mixture was then acidified with 1 M HCl and 

25 extracted with CH2CI2 (3 x 30 mL). The combined organic layers were then dried over 
anhydrous MgS04 and filtered over a silica gel plug eluting with EtOAc. The material 
was concentrated and then purified via radial chromatography (20-50% EtOAc/hexanes) 
to afford (E)-3,5,4'-trihydroxystilbene (resveratrol), 0.211g (57%), as a tan solid. ^H 
NMR (300 MHz, dg DMSO) d 9.56 (bs, IH), 9.21 (bs, 2H), 7.40 (d, /= 8.70 Hz, 2H), 

30 6.94 (d, 16.5 Hz, IH), 6.82 (d, J= 16.5 Hz, IH), 6.76 (d, J= 8.40 Hz, 2H), 6.40 (d, J 
= 2.10 Hz, 2H), 6.13 (t, /= 2.10 Hz, IH); "C NMR (75 MHz, d^ DMSO) d 158.5, 157.2, 
139.3, 128.1, 127.9, 125.7, 115.5, 104.3, 101.8, 99.6. 
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Snnrniary 



la summaiy, the present invention relates to novel methods of producing 
resveratrol, a naturally occurring coiiqK>und that has shown potential m the treatment of 
cancer and other diseases. According to one aspect of the invention resveratrol can be 
made starting with resorcylic acid though a number of steps. The coupling of the 
modified resorcylic acid via a Homer-Emmons reaction yields a product tiiat can be 
converted to resveratrol by removing protecting groups. In another embodiment of the 
invention, reaction products are coupled via a modified Heck reaction to form a protected 
4*-hydrox^tiIbene that can also be converted to resveratrol by removing the protecting 
groups. 

The invention may be embodied in other specific forms without dqparting fit>m its 
essential characteristics. The described embodiments are to be considered in all respects 
only as illustrative and not restrictive. The scope of the invention is, therefore, indicated 
by the appended claims rather than by the foregoing description. All changes that come 
within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 
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CLAIMS: 




1 . A metiiod of making resveratrol comprising: 
obtaining a first conq)Ound of the formula 



5 




whereinR^ and are protecting groiq)s and is a halide; and 
10 converting thb first compound to a second compomid of the formula 



15 




to form a phosphonate, wherein R^ is an alkyl group; and 
converting the second compound to resveratrol. 

20 

2. The method of claim 1 , wherein the protecting groups are selected fiom the group 
consisting of a benzyl group, a methyl group, an alkyl grdup, and a silyl ester. 

3 . The method of claim 2, wherein R^ and R^ are identical. 

25 

4. The method of claim 1, wherein the first compound is converted to the second 
compound by reacting the first compound with ar. alkyl phosphite. 
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wherein is a protecting groiq>. 

6. The method of claim 5, wherein the second conq)omid is converted to the third 
compoimd by reacting the second compound with a fourth compomid of the 
foimula 




O 



7. The method of claim 5, wherein R"^ is selected from the group consisting of a 
methyl group, a benzyl groiq), and an alkyl group* 

8. The method of claim 5, where in R\ R^ and R^ are identical. 

9. The method of claim 5, further comprising removing the protecting groups to 
form resveratrol. 
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20 



-30 



10. A method of ^^esizing resveratiol comprising 
obtaining 3,5-dniyrdroxybenzoic acid; 
benzylating the 3 and 5 hydroxygroiq)s to forai 3,5-dibenzyoxybenzoic acid; 
reducing the carboxylic groiq> to form 3,5-dibenzyloxybenzyl alcohol; 

5 brominating flie reduced caifooxylic group to form 3,5-dibenzyloxybenzyl 

bromide; 

reacting the 3,5-dibenzyloxybenzyl bromide witii triisopropyl phosphite to form 
isopropyl 3,5-dibenzyloxybenzyl phosphonate; 

coiq>Ung the isopropyl 3,5-dibenzyloxybenzyl phosphonate with 4- 
10 benzyloxybenzaldehyde to form (E)-3,5,4'-tribenzyloxystiIbene; and 
removing the benzyl groiq)s to form resveratrol. 

11. A method of synthesizing resveratrol comprising: 

adding a protecting group to the 3 and 5 hydroxy groups of resorcylic acid; 
15 reducing the carboxyUc group of the protected resorcyhc acid; 

halogenating the reduced carboxylic group; 

reacting the halogenated, reduced carboxylic groiq) with an alkyl phosphite to 
produce a phosphonate; 

coupling the phosphonate with a compound of the formula 



25 via a Homer-Emmons reaction, wherein R is a protecting group; and 

removing the protecting groups and the 4'-benzyl group to &om resveratrol. 

12. The method of claim 1 1 , wherein the protecting groups are selected from the 
ffcoxxp consisting of methyl, benzyl, and zSkyl 



13. The method of claim 11, wherein each of the protecting groups are identical. 
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14. A method ofj^^^esizing resveratiol, the method coiiq)!^^: 
obtainiiig a fiist confound of the fomiula 



u 



O 

a 



V 



wherein Rl and R2 are protecting groups; 
1 0 converting the first compound to a second conq)Ound of tiie formula 




15 



wherein R^ R^, and R^ are protecting groups; and 
converting the second compound to resveratrol. 

20 

15. The method of claim 14, wherein the first compound is converted to the second 
compound by reacting tiie first conq>ound with 4-acetoxystyrene. 

16. The method of claim 14, further comprising removing the protecting groups. 

25 

17. The method of claim 14, wherein the protecting groups are selected firom the 
group consisting of benzyl, methyl, silyl, and alkyl. 

1 8. The method of claim 14, wherein the protecting groups are identical. 

30 
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19. Amethodof ^^esizingresveratrolcx)mpn 

obtaining 3,5-<iimthoxybeii2oyl chloride; and 

coiq)ling the 3,5-dimthoxybenzoyl chloride with 4-acetoxystyrene to form (E)-4- 
acetoxy-3\5*-dimeflioxystiIbene. 

5 

20. The method of claim 19, further comprising ranoving the 4-aceto groiq) of the 
(E)-4-acetoxy-3',5'-dimethoxystilbene to form (E)-3,5-dimethyoxy-4 - 
hydroxystilbene. 

10 21. The method of claim 20, further comprising removing the methyl groups of (E)- 
3,5-dimetiiyoxy-4 -hydroxystilbene to form resveratrol. 

22. A method of synthesizing resveratrol comprising: ^ 
obtaining 3,5-dimthoxybenzoyl chloride; 
15 coiq)ling flie 3,5-dimttioxybenzoyl chloride with 4-acetoxystyrene to form (E)-4- 

acetoxy-3',5*-dimethox}^tiIbme; 

removing the 4-aceto group of the (£)-4-acetoxy-3',5'-dimethoxystilbene to form 
(E)-3,5-dimethyoxy-4-hydroxystilbene; and 

removing the methyl groups of (E)-3,5-dimethyoxy-4 -hydroxystilbene to form 
20 resveratrol. 
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